Th e cases of 80 patients who underwent Caldwell-Luc surgery for the treatment of chronic rhinosinusitis between 2002 and 2007 at Vanderbilt University Medical Center's Department of Otolaryngology were reviewed. Data on demographics, comorbidities, details of surgery, surgical pathology, and histology were collected. Th ese data were compared with those of 40 patients who underwent standard functional endoscopic sinus surgery in 2007.
Introduction
Described separately in the late 19th century by George Caldwell and Henri Luc, 1 the Caldwell-Luc (CL) operation was the mainstay of surgical treatment for maxillary sinus disease before the advent of functional endoscopic sinus surgery (FESS), also known as mucosa-preserving surgery. With the rise of FESS in the 1980s, the CL procedure came to be reserved for patients with recalcitrant maxillary sinusitis in whom aggressive medical and surgical management had failed.
Today, many feel the CL operation is of historical value only, to be reserved for tumor resection, trauma, and access for foreign body removal. 2 Others, however, believe that it continues to be eff ective for patients with persistent maxillary sinus disease aft er the failure of a previously well-performed FESS. 3 Questions persist, however, regarding what factors identify patients who have done so poorly with standard management techniques as to require this aggressive procedure.
Th e purpose of this study is to compare histopathologic samples of patients who have undergone CL procedures for chronic rhinosinusitis (CRS) with those of patients who have undergone standard FESS. In so doing, we set out to identify the factors that-on a microscopic level-might determine why some patients will require CL procedures compared with those who can be treated successfully with standard FESS. (table 1) . Pertinent comorbidities in the non-CL group included 3 (7.5%) patients with diabetes mellitus, 15 (37.5%) patients with inhalant allergies, and 4 (10%) patients with aspirin sensitivity; 6 (15%) of these patients were smokers (table 1). Diff erences between groups in patient age and distribution of sex were statistically signifi cant (p < 0.02).
Patients and methods
In the CL group, 24 patients underwent surgery on the right side, 25 patients underwent surgery on the left , and 31 patients underwent bilateral CL surgery. In the non-CL group, 6 patients underwent surgery on the right side, 7 patients underwent surgery on the left , and 27 patients underwent bilateral surgery. In the CL group, the mean number of prior maxillary sinus surgeries was 1.5 (range: 0 to 7), compared with a mean of 0.6 (range: 0 to 3) in the non-CL group. Th is diff erence was statistically signifi cant (p < 0.01).
In the CL group, the mean total number of sinuses addressed (including sinuses other than maxillary sinuses) at the time of surgery was 2.5 compared with a mean of 4.3 in the non-CL group. Th is diff erence between groups was also statistically signifi cant (p < 0.01). In the CL group, the mean number of days since the last maxillary sinus surgery was 878 (range: 0 to 18,882), compared with a mean of 1,618 (range: 0 to 9,855) in the non-CL group (table 2) .
On histologic examination of the surgical sinus tissue specimen from the CL patients, the mean number of eosinophils per high-power fi eld was 5.68 (±7.65 SD). Twenty-nine patients had no eosinophils per high-power fi eld, 16 had 1 or 2 eosinophils, 15 had 3 to 9 eosinophils, 4 had 10 to 14 eosinophils, 12 had 15 to 24 eosinophils, and 4 had more than 25 eosinophils per high-power fi eld (table 3) .
Examination of surgical specimens from the non-CL patients demonstrated a mean number of eosinophils per high-power fi eld of 28.33 ( ‡41.62 SD). Eight patients had no eosinophils per high-power fi eld, 5 had 1 or 2 eosinophils, 7 had 3 to 9 eosinophils, 3 had 10 to 14 eosinophils, 1 had 15 to 24 eosinophils, and 16 had more than 25 eosinophils per high-power fi eld (table 3) . Th e diff erences in eosinophil counts between the two groups were statistically signifi cant (p < 0.01).
Microscopic examination also revealed the presence of "necrotic bone" in 2 CL specimens and "necrotic debris" for age at surgery, number of previous maxillary sinus surgeries, side of surgery, and days since last surgery. Detailed data were also collected on pathologic fi ndings, including tissue eosinophilia. Th e same set of data was then collected on a group of 40 consecutive patients who underwent standard FESS in 2007. Analysis of variance (ANOVA) and the chi-square test were used to determine statistically signifi cant diff erences. When a signifi cant diff erence was found (p < 0.05), unpaired t-tests were used for pairwise comparisons between groups.
Results
Th e study population of 80 patients who underwent CL surgery consisted of 26 males and 54 females; mean age was 55 years (range: 27 to 79 years). Th e control group included 16 males and 24 females; mean age was 48.4 
Discussion
In the late 19th century, George Caldwell 4 of the United States, Robert Henry Scanes Spicer 5 of England, and Henri Luc 6 of France, working separately, described a procedure to remove the contents and diseased mucosal lining of the maxillary sinus, along with a method to create counter-drainage through an inferior meatus antrostomy. Th e Caldwell-Luc procedure (Dr. Scanes Spicer's name never gained association with the similar procedure that his colleagues in the United States and France described) involved a sublabial transantral approach to the maxillary sinus, with trephination of the sinus through the antrum near the canine fossa. Th is procedure was the gold standard for surgical management of chronic maxillary sinus disease until the advent of intranasal surgery in the 1920s. With the arrival of the sinus endoscope in the mid-1980s 1 and the ability to create precise endonasal antrostomies, the CL procedure became a surgery of last resort. Since that time it has, for the most part, been replaced by the FESS, which has been proven safe and eff ective in the treatment of chronic maxillary sinus disease and has much less associated morbidity than the CL approach. Th e CL procedure, therefore, is reserved for recalcitrant cases not responsive to FESS. While FESS is appropriate and eff ective for the treatment of almost all chronic maxillary sinusitis, there continues to be a small subset of patients with recalcitrant mucosal disease despite well-performed FESS procedures. In those patients whose disease persists-without any signs of scarring, recirculation, retained uncinate processes, or otherwise incomplete surgery-the CL procedure has proven to be eff ective. Th e CL procedure not only allows the removal of the infected sinus contents, but it also allows the removal of the nonfunctional, condemned mucosa when present. 3 In a previous study by the senior author (J.A.D.), a 92% success rate for the CL procedure in patients with recalcitrant maxillary sinusitis was reported. 3 Th ese patients demonstrated disease-free maxillary sinuses on endoscopic examination or computed tomography. Two of the 3 patients (8%) who demonstrated continued sinus disease and underwent a repeat CL procedure demonstrated clinical improvement during followup. Despite this success rate, the CL procedure is appropriately reserved as a surgery of last resort, given its increased morbidity compared with that of more conservative approaches.
DeFreitas and Lucente reported a 19% overall complication rate with the Caldwell-Luc approach. 7 Robinson et al described a 16% rate of persistent adverse eff ects from canine fossa puncture, most commonly facial pain, facial paresthesia, and numbness. 8 While the CL procedure is a valuable tool in the management of patients with irreversible mucosal changes in the maxillary sinus, it is unclear why this small group of patients has persistent disease in the face of technically sound maxillary sinus surgery and aggressive medical management. What is well known is that infl ammatory disease of the maxillary sinus leads to mucosal changes and impaired ciliary clearance. In addition to the infl ux of infl ammatory white blood cells into the sinus tissue, squamous metaplasia, ciliary disorientation, cilia loss, and compound cilia are just some of the many morphologic abnormalities documented to occur in the chronically infl amed maxillary sinus. 9 While the mucosa in many patients slowly recovers some of its normal function aft er surgery, this recovery is oft en incomplete. 10, 11 Moreover, it is well documented that recovery of mucosal function and histology is variable and does not occur in all patients. [12] [13] [14] It is in this context that we hypothesize that there is a small subset of patients who, on a microscopic level, demonstrate diff erences from their counterparts who did not require the CL procedure. We further hypothesize that in these patients, the infl ammatory response has essentially "burned out" and given way to more severe, permanent morphologic changes.
Th e data from our study are consistent with the hypothesis that the mucosal function of the vast majority of patients with maxillary sinusitis recovers aft er standard FESS. In a small minority of patients, however, mucosal changes are severe and irreversible. It is these patients who fail revision FESS who are selected to undergo the CL procedure. Because this procedure involves mucosal extirpation, the vast majority of this small group does well once their diseased lining is removed. Th e data in our study show that in terms of tissue eosinophilia-a marker for chronic sinus infl ammation-the non-CL patients had a signifi cantly increased number of eosinophils. Th is corresponds with our hypothesis that in patients requiring the CL procedure, there are qualitative mucosal and functional changes that have gone beyond basic tissue infl ammation and, in fact, are characterized by severe ciliary dysfunction and histologic change. Additionally, it is only in the CL patients that we observed necrotic tissue and necrotic debris-highly unusual fi ndings that further support the hypothesis that the sinus mucosa in these patients is so dysfunctional and diseased that nearly all mucociliary function is gone. While it will fall to future, prospective studies to further characterize the specifi c ciliary dysfunction, squamous metaplasia, or any other abnormalities beyond standard tissue infl ammation that are present in the sinus mucosal lining of these patients, our data do support the hypothesis that there is a continuum in the tissue response of the maxillary sinus. Th is continuum extends from acute and chronic infl ammatory responses to more long-standing tissue responses associated with a decrease in the presence of infl ammatory white blood cells. Th ese latter changes can have lasting and permanent eff ects on maxillary sinus function.
Other fi ndings of statistical and clinical signifi cance include the diff erences between the groups in terms of the number of sinuses treated and the number of prior surgeries. As expected, the CL patients had a greater number of prior surgeries than those in the non-CL group. Th is corresponds with our understanding of the CL procedure as a surgery of last resort, used primarily on patients who have failed FESS.
Similarly, the patients in the CL group were also noted to have fewer sinuses treated during their surgical procedure (average of 2.5 vs. 4.3, including sinuses other than maxillary sinuses). Traditionally, the maxillary sinus has been seen as the easiest sinus to open surgically, with the frontal sinus being the most challenging. Over time, however, it has become clear that the maxillary sinus is the sinus that most oft en requires revision surgery, is most diffi cult to keep consistently healthy aft er surgery and, consequently, creates the greatest challenge to those who treat patients with sinusitis. Patients undergoing the CL procedure oft en have their ethmoid sinuses subsequently removed but have healthy frontal and sphenoid sinuses. Th erefore, we can understand how these patients underwent fewer procedures at the time of their CL surgeries.
In conclusion, the CL procedure is a surgery of last resort for patients who have failed aggressive medical and surgical intervention for the treatment of maxillary sinusitis. In this small group of patients, the mucosal lining appears to be fundamentally diff erent from that of patients who respond favorably to FESS. Future studies will be required to further defi ne and characterize the tissue response that occurs in these patients.
